The purpose of this study was to examine the possible influence of childhood physical fitness on physical activity level and some of its psychosocial determinants as an adult. Childhood (age 10-12 years) data from the longitudinal Trois-Rivières Growth and Development Study (body mass index, Physical Work Capacity (PWC 170 )), number of sit-ups/min, left + right hands grip strength) were correlated with adult data (age 35.0 ± 0.3 years) for physical activity (PA) level, attitude toward PA, intention to exercise, perceived barriers to exercise and support of an active lifestyle by significant others. No significant relationships between childhood physical fitness and adulthood PA were found. Although the sample size is relatively small, our data suggest that the preadolescent physical fitness level has no measurable impact on adult habitual PA, attitudes toward PA, intentions to exercise, perceived barriers to exercise or support from the individual's entourage.
The purpose of this study was to test the hypothesis that childhood physical fitness influences an adult's physical activity (PA). Socialization has been recognized as an important factor for adherence to and perseverance with physical activity (15) . The likelihood that an individual would be active as an adult might be increased if fit children were more successful in PAs and thus enhanced their self-esteem when engaging in PA; this could provide both immediate and longterm reinforcement of physically active behavior. The hypothesis that making preadolescents fit increases their opportunities for subsequent positive feedback from exercise participation must be tested by longitudinal observations. Several previous studies give limited support to such an idea, with results showing a limited association between prior fitness and physical activity as an adult (typically explaining <30% of the variance in adult behavior). Dennison et al. (5) observed that physically active adults (23-25 years old) were likely to have scored well on some of the AAHPERD fitness test items (sit-ups, 50-, 600-yard and shuttle runs) during childhood and adolescence. Contrasting highly active and less active adults, Beunen et al. (2, 3) also found that some fitness characteristics of adolescents aged 13-18 years (mostly muscle related items) contributed significantly (3-23%) to the variance in PA as an adult. However, Beunen et al. (2) Trudeau and Laurencelle are with the Dept. of Physical Activity Sciences, Université du Québec à Trois-Riviéres, Trois-Riviéres, Quebec, Canada. Shephard is with the Faculty of Physical Education and Health, Dept. of Public Health Sciences, Faculty of Medicine, University of Toronto, Ontario, Canada. also observed a negative association between some measures of fitness as an adolescent such as the strength of an arm pull, and the duration of a flexed arm hang) and adult physical activity. From the percentage of Type I fibers and a submaximal (Ǻstrand and Ryhming) estimate of maximal oxygen intake at the age of 16 years of age, Glenmark et al. (8) were able to predict a moderate percentage of the variance in physical activity at age 27 years (31% and 24% in women and men respectively). Combined strength measurements at 16 years also accounted for 51% and 16% of the variance in adult physical activity in women and men (8) .
On the other hand, results from the Amsterdam Growth and Health Longitudinal Study observed only weak relationships between measures of physical fitness at 13 years and physical activity at the age of 33 years (10); a treadmill determination of maximal oxygen intake (VO 2 max·body weight -2/3 ) was the sole observation to explain a statistically significant but practically unimportant (1.8%) component of the total variance. Debate thus continues as to whether physical fitness as a child influences physical activity as an adult. The purpose of the present analysis was to examine this issue further, using data from the Trois-Rivières Longitudinal Growth and Development Study. Selected measures of physical fitness obtained at the age of 10-12-years were correlated with reported physical activity and some of its determinants as seen in the same participants 22 years later.
Methods

Participants
Data were obtained on participants in the original Trois-Rivières longitudinal study. Measurements of physical fitness were made during the period 1970-1977, when the participants were 10-12 years old, and physical activity data were obtained by recalling a subgroup of this sample when they had reached the age of 35.0 ± 0.3 years.
Measurements
Physical Fitness and Anthropometry at the Age of 10-12 Years. Body mass and height were measured using a standard clinical scale (Detecto-Medic, Brooklyn, NY) and stadiometer (Takei, Tokyo), and the body mass index was calculated. Physical work capacity (PWC 170 /kg) was determined during the initial visit to the laboratory. A standard progressive test with 4 min stages was performed on a Monark cycle ergometer, the final stage reaching a heart rate of 160-170 bpm. The summated left and right handgrip force was measured by Smedley hand grip dynamometer (Stoelting Co, Wood Dale, IL) adjusted for the participant's grip size; the largest of two definitive trials was recorded. Sit-ups were performed according to the original CAHPER test battery (the maximum number of bent leg sit-ups completed in 1 min, 4).
Adult Physical Activity. Adult physical activity was evaluated using 4 items from a French translation of the questionnaire of Heath et al. (9) . Subjects were asked to recall for each of the last 7 days: the number of days with (1) at least 20 min of physical activity, (2) stretching exercises, (3) weight training exercises, and (4) commuting by cycle or walking. Attitudes toward PA, the intention to exercise, perceived barriers to exercise and support from significant others were measured using questions from the 1998 Quebec Health Survey (12) .
Statistical Analyses
Pearson correlation coefficients were calculated relating PA and its determinants at age 35 years to the various measures of physical fitness made in childhood (average of scores for a given measure at 10, 11 and 12 years of age). Multiple regression analysis was also performed, taking the number of days/week with at least 20 min of physical activity during the last 7 days and childhood physical fitness measurements as potential predictors. All statistical analyses were conducted using SAS statistical software 6.06 (SAS Institute, Cary, NC).
Results
Childhood Fitness and Adult Physical Activity
Physical fitness scores during childhood did not differ significantly between boys and girls (Table 1) , but there was a nonsignificant trend for adult males to take more PA than females.
Associations Between Childhood Fitness and Adult Physical Activity
There were no significant relationships between childhood physical fitness measurements and adult PA (Table 2) , with the exception that in males, childhood aerobic fitness (PWC 170, W per kg of body mass) was moderately correlated with the reported weekly frequency of commuting by cycle or walking as an adult (r = .56; p = .005). Further, the selected measures of physical fitness were not associated with adult attitudes, the intention to exercise or perceptions of barriers to PA and support from significant others ( Table 2 ). The multiple regression analysis was not statistically significant (r 2 = .02; df = 4, 52; p = .89), confirming that available predictors (childhood handgrip force, sit-ups, PWC 170 W per kg of body mass and BMI) were not significantly related to our measurements of physical activity as an adult.
Discussion
Our data suggest that the level of physical fitness attained as a child has at most a very limited association with habitual physical activity as an adult. Furthermore, a high level of physical fitness as a preadolescent does not appear to have the hypothesized positive influence on intentions and attitudes toward PA as an adult, which could in turn increase the likelihood of being active during adult life. Our study has several points of difference from other investigations, including the length of the follow-up period (23 years), the testing of entire school classes rather than groups with a special interest in sport, and a school emphasis upon (5) measured their participants' physical fitness at the age of 10 years, but related their data to activity early in adulthood. In contrast, our study covered a broad span of life, including times likely to affect lifestyle profoundly, such as graduating from primary school, starting a family and rearing children (5).
Our strength data are in accordance with the conclusions of Kemper et al. (9), who found no association between adolescent arm pull results and PA 20 years later. However, in contrast with the present findings, Dennison et al. (5) reported an association between childhood sit-up scores and PA as an adolescent and adult [respective intervals of 12-15 and 5-10 years between late childhood (10-11 years), late adolescence (15-18 years) and young adulthood (23-25 years)].
Our results for aerobic fitness, with a tracking interval of 23 years also differ from those of Glenmark et al. (8) . They found that over a tracking interval of 11 years, adolescent data from a 12 min run or submaximal cycle ergometer prediction of VO 2 max and a determination of the percentage of type I fiber measured during adolescence respectively explained 24% and 31% of the PA variance at an age of 27 years. Kemper et al. (10) (10) noted that in females (but not in males) aerobic fitness (12-min distance run and VO 2 max/BW -2/3 ) were significant predictors of adult physical fitness. Regression analysis showed that a good 549-m run time in adolescence was the single best predictor of active behavior as a young adult (5) . Other significant predictors were parental or spousal encouragement to exercise and the availability of organized sports after school. Other retrospective (11, 15) and longitudinal studies (13, 14, 16, 17, 21) have reported similar positive effects of organized PA during childhood; possibly, such activity may have more effect on adult PA than does the level of physical fitness attained as a child.
The interindividual differences of physical fitness encountered in representative classroom samples of children or adolescents may be insufficient to influence adult physical activity substantially. However, if PA is practiced early during childhood, it is weakly correlated with adult physical activity. Thus, in the Trois Rivières study, the tracking of total PA from childhood to adult life yielded correlation coefficients of r = .17 and r = .14 for males and females, respectively (18) . Such values are in the range reported by others who have looked at total PA, for example, Vanreusel et al. (21) in Belgian males (r = .09) and Van Mechelen and Kemper (19) in Dutch males and females (r = .05 and r = .17, respectively) for the period from age 13 years to an age of 37 years.
Beunen et al. (2) reported that males showed significant associations (R 2 ) between scores on adolescent performance tests (at 13, 15 and 18 years) and the Baecke Sport Index (BSI) at 40 years. The proportions of BSI variance described were: for the stick balance test 3% at 13 years; for a combination of plate tapping, flex arm hang, leg lifts and arm pull, 17% at 15 years; and for plate tapping, flex arm hang, arm pull and heart rate recovery, 23% at 18 years (2).
Our sample size was relatively small and this inevitably limited the statistical power to detect weak associations. Stronger associations might also have been emerged if we had increased the spread in fitness measurements by focusing on athletes and sedentary individuals, rather than average class members. In a few instances, particularly the association with walking and cycling, trends also appear to have been in opposing directions in men and women. Correlations may also have been attenuated by genetic and maturity-related interindividual differences in fitness scores unrelated to the individual's participation in active pursuits. Biological age at the time of fitness testing would have had little influence on the PWC 170 expressed relative to body mass, but it could have had a significant influence on handgrip force in the boys, and body mass index in the girls.
It may finally be asked whether the present subgroup was representative of all students enrolled in the Trois Rivières study. To avoid a socioeconomic bias, we paid all expenses incurred in traveling to and from the recall examination, and the main reason for nonparticipation was difficulty in tracing subjects who had moved. A prior study established that there were no sociodemographic differences between those recruited and nonparticipants (17) .
Our data thus suggest that the physical fitness of preadolescent children is unlikely to have any substantial influence on their involvement in physical activity as mature adults.
Conclusion
Our data provide little support for the hypothesis that physical fitness as a child will favor physical activity as an adult. A high level of physical fitness during human development may provide positive reinforcement, helping socialization into PA. However, the range of physical fitness encountered in a typical classroom does not seem sufficient to lead to measurable differences in adult behavior. Environments that provide other sources of support and positive reinforcement (including the influences of school, family and the workplace) may help to retain and enhance any small immediate beneficial effects of physical fitness on PA (7, 21) . Further longitudinal research is warranted to study the PA trajectories of individuals who are exposed to various environments to identify factors that could modulate long-term relationships between fitness as a child and PA as an adult.
